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Description

Background of the Invention

[0001] The present invention relates to implantable
prostheses, and particularly to implantable prostheses
having a passageway, or lumen for carrying a biological
fluid. In its simplest form the invention may relate to a
vessel and the biological fluid may be blood, but in other
embodiments, the prosthesis may constitute a patch or
graft of an organ, with the lumen defining an organ-re-
lated fluid path carrying some other biological fluid, such
as an enzyme, hormone, secretion or waste product
made or processed by the organ. In the prior art, a great
deal of research and experimentation have been per-
formed with vascular grafts to identify materials which
have the necessary structural properties yet are com-
patible with cellular growth such that they may immedi-
ately function as blood vessels, yet provide a structural
framework on which vessel tissue may regenerate. In
various embodiments of the invention, as described
more fully below, applicant describes a unique structure
capable of supporting tissue growth, yet having a func-
tional geometry including a lumen.
[0002] One type of implantable device is a synthetic
vascular graft such as is commonly used to replace
damaged or dysfunctional arterial or venous pathways,
for example at the site of an aneurysm or occlusion. By-
pass grafts are often used to divert blood flow around
damaged regions to restore blood flow. Another use of
vascular prostheses is for creating a bypass shunt be-
tween an artery and vein, specifically for multiple needle
access, such as is required for hemodialysis treatments.
Following multiple percutaneous invasions into a vein,
the vein may either collapse along the puncture track or
become aneurysmal, leaky or fill with clot, causing sig-
nificant risk of pulmonary embolization. Vascular pros-
theses have been used for many years as an alternative
to patients' own veins for vascular access during hemo-
dialysis.
[0003] Materials research has led to the development
of some synthetic materials for use in artificial vascular
prostheses. For example, polytetrafluoroethylene (PT-
FE), a polymeric material which may be stretched to a
specific length and expanded to a specific thickness, is
often used to fabricate single lumen artificial veins and
arteries. When thus stretched, or expanded, PTFE
forms a network of interrelated nodes and fibrils. The
diameters of the fibrils and internodal distances vary de-
pending upon the conditions and rate at which the PTFE
is stretched and/or expanded. Typical stretched and/or
expanded PTFE articles have an internodal distance
ranging from approximately twenty to approximately
thirty microns.
[0004] An advantage of stretched and/or expanded
PTFE is that the diameters of the fibrils can be made
much smaller than the diameters of fibrils of knitted or
woven fabrics which have previously been used for vas-

cular prostheses. Moreover, due to the ability to control
the pore diameter and porosity of PTFE tubing used, for
example, for vascular prostheses, it is possible to de-
crease the occurrence of thrombosis associated there-
with. Typically, however, PTFE vascular grafts cannot
safely be used to withdraw blood until they have been
in place in the body for a minimum of 14 days after sur-
gery and have become surrounded by fibrotic tissue.
This is because bleeding occurs at the site of a needle
puncture in PTFE grafts if fibrotic tissue is absent. Com-
plications which can result from early puncturing of PT-
FE arteriovenous fistulas include a hematoma sur-
rounding the graft, false aneurysm, and graft occlusion.
[0005] Various other synthetic materials, in addition to
PTFE, have been used for vascular grafts, including Da-
cron® brand and other synthetic polyester fibers, man-
drel spun polyurethane, and silicon elastomer fibers.
Additionally, vascular grafts have been formed using au-
tologous saphenous vein, modified bovine carotid xe-
nograft, and modified human umbilical vein. None, how-
ever, has overcome the problems associated with early
failure of the graft following implantation.
[0006] In an effort to address these problems, various
types of vascular access devices have been developed.
One example of such a device is described by Tesio in
U.S. Patent No. 4,898,669 (Feb. 6, 1990). This device
is a catheter system mechanically coupled with a pros-
thetic vascular graft for use in blood purification. Devices
available for long-term, repeated vascular access allow
a catheter to be introduced to a blood flow pathway, but
they do not generally allow chronic, permanent implan-
tation. In some cases, due to the materials used, an au-
toimmune response occurs resulting in the formation of
an occlusive hematoma.
[0007] Another vascular graft is disclosed in U.S. Pat-
ent No. 4,619,641 (Oct. 28, 1986) to Shanzer which dis-
closes a coaxial double lumen device for use in hemoac-
cess. The space between the two lumena is filled with
a self-sealing, non-biodegradable polymer which does
not permit escaped bleeding following needle puncture.
The Shanzer product consists of an outer tube posi-
tioned over an inner tube, both tubes being made of ex-
panded PTFE.
[0008] While research has also led to the develop-
ment of some improved drug delivery systems, these
systems still require a significant amount of medication
to achieve a therapeutic level for an organ specific func-
tion such as is required for a whole body systemic effect.
Conventional drug delivery systems, for example, in-
cluding orally applied tablets and liquids, injections, and
localized intravenous infusions, all must be applied in
rather large doses to achieve a systemic effect. Intro-
duction of a catheter directly into a blood flow pathway,
for example, results in delivery of bolus amounts of drug
to a patient's system. This results in uncontrolled and
often varied, whole body physiological effects, as well
as blood vessel wall injury at the site of penetration.
Much of the current research in drug delivery, therefore,
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has been directed to allowing delivery of drugs to a pa-
tient in a controlled, non-bolus manner, and in generally
smaller doses. This requires that delivery be localized,
or targeted, to a cell specific organ.
[0009] Presently, material research has also enabled
modern developments such as transdermal and time-
release delivery systems which also create a whole
body systemic effect. Future research suggests the ex-
tended use of chemically modified drugs complexed to
carrier or bioactive agents, organic vesicles, and con-
trolled delivery systems such as micro-pumps and mini-
pumps. These and other new drug delivery systems are
discussed, for example, by R. Langer, In: "New Methods
of Drug Delivery", Science 249:1527-1533 (September
28, 1990).
[0010] Additionally, recently published evidence indi-
cating that cellular activities are controlled by receptors,
"molecular switches" on the membrane surface of cells
suggests that bioactive and pharmaceutical drug inter-
actions, whether initiators or inhibitors, can be utilized
to improve implantable organ and autogenous organ
transplant performance. These receptors control cellu-
lar activities by binding with highly specific substances
referred to as "ligands." Like the action of a key in a lock,
ligands fit into receptors and, if the fit is precise, turn on
or off certain cellular processes. Some ligands act as
antagonists to inhibit cellular activities by blocking a re-
ceptor. Research has shown that many aspects of car-
diovascular disease are controlled by specific cell sur-
face receptors.
[0011] Another problem associated with known vas-
cular grafts stems from their delicate structure making
them difficult to handle and position properly during sur-
gery. Due to their circumferentially uniform appearance,
the grafts may be twisted during implantation, which can
reduce the openness, or patency, of the implanted graft.
[0012] Another problem associated with known vas-
cular grafts is that they are transparent to known non-
surgical techniques for viewing that are generally used
to detect structures in the body. These techniques in-
clude x-rays, MRI scanning, fluoroscopy, ultrasound,
and nuclear magnetic resonance. As a result, post-im-
plantation examination of known vascular grafts is diffi-
cult. If a surgeon suspects that a blockage of an implant-
ed vascular graft has occurred, for example, he must
inject radiopaque dye into the patient through the graft.
The dye allows the graft to be visible during fluoroscopic
examination to determine whether it has collapsed or is
satisfactorily transporting blood flow. This process is in-
vasive to the patient and places further burdens on the
patient's circulatory system.
[0013] Various marking devices such as metal tabs
which are sutured to a prosthesis, have been developed
to avoid the need for injecting a radioopaque dye into a
patient's bloodstream. However, there remains a need
for an improved system of indicating the patency of a
graft vessel.
[0014] Other problems associated with vascular

grafts formed of known materials and configurations are
that their biocompatibility, non-thrombogenic potential,
cell harboring, and seeding properties are limited. Spe-
cifically, for example, intimal hyperplasia, which is a nat-
urally occurring phenomenon characterized by progres-
sive cellular closure of a blood vessel lumen, threatens
the patency of almost all known vascular graft material.
Even when surgically repaired or exposed to less inten-
sive manipulative techniques such as balloon dilation,
mechanical dilation, laser ablation or mechanical dis-
section by anthrectomy, intimal hyperplasia is the prima-
ry cause of stenosis of all implantable vascular grafts
and restenosis of natural arteries following repair of dis-
eased blood vessels.
[0015] One cause of intimal hyperplasia is the prolif-
eration of smooth muscle cells into the lumen of the
graft. Other causes include injury to the venous system
and/or arterial circulation network, caused by trauma,
disease, or systemic factors such as hypercholestero-
lemia.
[0016] While intimal hyperplasia is known to cause
significant lumenal obstruction of vascular grafts, the
detailed cellular mechanisms leading to smooth muscle
cell proliferation are not completely understood. It is be-
lieved, however, that growth factors such as platelet de-
rived growth factor (PDGF) initiate a number of intrac-
ellular events, called "regulatory signals." These signals
include the activation of protein kinase C. Additionally,
different growth-stimulating factors are thought to initi-
ate different signals. These different signals lead to a
set of common pathways which stimulate DNA synthe-
sis. Such pathways are called obligatory events. It is not
clear which of these obligatory events, though, are re-
sponsible for intimal hyperplasia.
[0017] Also, lumenal blood vessel injury, whether mi-
cro-capillary (0.5 mm or less diameter) or aortic (up to
30 mm diameter), induced by trauma, such as mechan-
ical stress, or progressive disease states such as arte-
riosclerosis or mechanical hemodynamic stress, causes
activation of platelets, injury and necrosis of smooth
muscle and endothelial cells, and resultant leukocyte in-
filtration. These events result in the production and re-
lease of factors that stimulate smooth muscle cell mi-
gration and proliferation from adjacent tissue, subse-
quently leading to intimal hyperplasia. As stated, such
growth, when induced by trauma or progressive dis-
ease, without pharmacologic intervention, causes sten-
otic closure and failure of most autogenous organ trans-
plantations such as coronary artery bypass grafting and
synthetic implantable vascular graft devices.
[0018] Known treatments of intimal hyperplasia in-
volve the administration of various drugs that inhibit
muscle cell proliferation. For example, somatostatin in-
hibits tumor cell growth. Angiopeptin, a synthetic pep-
tide analog of somatostatin, reduces myointimal prolif-
eration. Trapidil, an antianginal agent possessing va-
sodilatory and antiplatelet properties, and Terbinafine,
an antifungal agent, both are effective antiproliferative
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agents. Colchicine, a drug which possesses antimitotic
and antisecretory properties, also is effective in reduc-
ing myointimal thickening.
[0019] Besides antiproliferative agents, drugs that in-
hibit the synthesis and secretion of extracellular matrix
are also useful, since a large proportion of the restenotic
tissue is composed of extracellular matrix. Because
smooth muscle cell migration is an essential step in in-
timal proliferation, agents that inhibit SMC migration ul-
timately inhibit proliferation.
[0020] Other techniques have been developed, for
improving the patency of implantable devices. One such
process is glow discharge polymerization as taught by
United States Patent 4,632,842 to Karwoski et al. Kar-
woski teaches coating, by the use of glow discharge
conducted in a tubular reaction vessel, the surface of an
elongate organic substrate with substantially uniform,
very low surface-energy coating. Still, even with the Kar-
woski teaching, the proliferation of smooth muscle cells
into known . prosthetic vascular grafts is not controlled
or reduced sufficiently to prevent intimal hyperplasia
[0021] Another problem associated with known pros-
thetic devices arises in connection with the use of such
devices as a means for drug delivery. That is, while it is
known that various prostheses can be coated with bio-
active and pharmaceutic agents for blood contact, the
limited blood contact surface area within the single lu-
men of known prostheses used for this purpose limits
the amount of agent that can be effectively distributed
into the flow through body fluid. Additionally, the high
ratio of blood flow-through to contact surface area re-
sults in a high level of wash-off.
[0022] In addition to the foregoing limitations of the
prior art, certain inconveniences or shortcomings bear
further note.
[0023] During prosthetic surgery, for example, in the
course of replacing or by-passing damaged arteries and
veins, the need often arises to have prosthetic devices
of different diameters. In the physical setting, arteries
are generally smaller in diameter than veins, thus requir-
ing arterial and venous grafts to be available in a range
of diameters. One way to provide grafts of different di-
ameters to the surgeon at the time of implantation is to
provide an array of individual vascular grafts each hav-
ing a different diameter to the surgeon. These grafts are
of a fine material, which can become entangled or torn
during handling. In order to make these individual grafts
communicate with each other, they must be sutured to-
gether.
[0024] WO 91/08783 discloses an implantable device
for administering drugs or other substances to body tis-
sues of a patient is disclosed. The device is designed to
allow controlled ingrowth of connective tissue into the
device, and a solution may be pumped or infected into
the device where the solution is diffused through the in-
grown connective tissue and out into the body. The de-
vice includes an outer casing defining an inner space,
said casing being formed of porous synthetic material

capable of allowing body tissue to grow through the
pores of the synthetic material into the inner space (42)
and an inlet catheter of non-porous synthetic material in
communication with said inner space for conveyance of
substances thereto.
[0025] US-A-5,024,671 discloses an implantable
prosthetic device having the features of the preamble of
claim 1. The present invention, in a first aspect, is such
a device characterized by the features of the character-
izing portion of claim 1. The invention according to a sec-
ond aspect of the present invention is a method of mak-
ing an implantable prosthetic device as claimed in claim
10.
[0026] The invention features an implantable biocom-
patible device formed or a material of controlled porosity
and having a primary lumen extending therethrough,
and at least one secondary lumen, which as discussed
further below, may according to different aspects be
filled with materials, or may itself constitute another pri-
mary lumen.
[0027] The invention features an implantable, bio-
compatible prosthetic device for the sustained release
of a drug or other bioactive material directly into a blood
or other body fluid flow path. The device is a polymeric
bi- or multilumenal tubular article which can be attached,
for example, to an artery or vein to form a vascular graft
or shunt. The device can also be used to provide organ
to organ fluid communication. The device contains a pri-
mary lumen, which is dedicated to the flow of blood or
other body fluid and at least one secondary lumen. The
lumena are separated by a microporous, semi-permea-
ble wall which permits passage of an agent from the sec-
ondary lumen to the primary lumen. Additionally, the mi-
croporosity of the separating wall promotes the growth,
motility, and/or migration of cells into and through the
wall.
[0028] The secondary lumen is particularly well suited
to contain a material, such as a drug or other bioactive
agent, which permeates the porous wall between the
secondary lumen and the primary lumen over a sus-
tained period of time. The rate at which the drug or other
agent penetrates the porous wall is determined by sev-
eral factors, including the size and number of the pores
and the size of the drug molecule.
[0029] In one embodiment of this aspect of the inven-
tion, the prosthetic device comprises a tube which is
adapted for attachment to a blood flow pathway, and for
conducting the flow of blood therethrough. The tube has
a biocompatible or bioinert exterior surface, and defines
a primary lumen axially extending along the length of
the tube, and at least one additional or secondary lu-
men. The secondary lumen is separated from the first
lumen by a microporous wall which allows a drug intro-
duced into the secondary lumen to diffuse across the
wall and into the primary lumen, and thus directly into
the blood flow pathway. This is caused by patient cells
penetrating the exterior wall of the tube and displacing
air contained in the micropores of the tube's micropo-
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rous structure. The displaced air, in turn, displaces ma-
terial contained in the secondary lumen forcing the ma-
terial to diffuse into the primary lumen.
[0030] The secondary lumena can be pre-filled with a
selected drug which time-diffuses or otherwise perfuses
across the membrane. The lumena can also be filled
with drug-producing cells which disperse a drug product
into the secondary lumena, from which it then diffuses,
as discussed above, into the primary lumen. The prima-
ry lumen and/or the secondary lumena can also be
seeded with cells, for example endothelial cells, which
proliferate at the site of attachment due to the cell to cell
contact afforded through the walls of the microporous
structure. The invention allows the endothelial cells to
thrive, therefore, which helps to prevent undesired oc-
clusion of the graft.
[0031] In another embodiment of this aspect of the in-
vention, the tube features an external drug delivery de-
vice attached thereto by a second tube or catheter. The
catheter is connected to the secondary lumen. The de-
livery device injects the drug into the secondary lumen
from an external source. The device can be any of a
variety of commercially and technologically available
systems, such as, for example, a biologically activated
mini-pump which is either subcutaneously or extracuta-
neously located, or an external mechanical pump.
[0032] The present prosthetic device is preferably
made from stretched and expanded polytetrafluoroeth-
ylene (PTFE). Stretched and expanded PTFE contains
a porous network of nodes and fibrils which are created
during the stretching and expansion process of porous
tubing from PTFE. This porous network provides a semi-
permeable wall or membrane between the lumena of the
device.
[0033] Embodiments of the invention may be used in
a method for delivering directly into a fluid flow pathway
in a controlled manner a bioactive material, such as a
prophylactic or therapeutic drug, or a diagnostic mate-
rial, such as a radiolabeled antibody. This may include
the steps of pre-filling one of the secondary lumena of
the above-described implantable device with a bioactive
material and implanting the device in a fluid flow path-
way such as a vein or artery. In this manner, fluid flow
is established through the primary lumen of the device.
The pre-filled material diffuses across the wall or mem-
brane separating the secondary lumena from the prima-
ry lumen in a controlled manner, thereby delivering the
drug directly into the fluid, blood or otherwise, flowing
through the primary lumen. The lumena may be prefilled
by inserting a solid wire or rod of bioactive material re-
leasably bound in a resorbable binder material.
[0034] A separate external drug delivery system may
be attached to at least one of the secondary lumena.
This allows transport of the drug into the secondary lu-
men from an external source. The drug then diffuses
across the interlumenal wall as described above.
[0035] The invention has several advantages. Its use
can allow implantable vascular grafting and controlled

and/or continuous drug delivery to be combined. Addi-
tionally, use of the invention can allow a bioactive sub-
stance to be delivered directly into a patient's blood-
stream at a controlled rate without using intravenous in-
jection, which generally must be performed in a hospital
or doctor's office. Embodiments of the device allow a
bioactive substance to be injected into the secondary
lumen all at once from an external source, then released
into the patient's bloodstream at a slower, continuous
rate as the substance passes from the secondary lumen
into the primary lumen of the graft. This sustained re-
lease of a substance into the bloodstream over time is
less likely than known drug delivery methods to result
in distal embolization. The graft provides a site for re-
peated cannulation which does not require directly ac-
cessing the bloodstream and therefore reduces the in-
cidence of bleeding at the injection site.
[0036] Various extrudable materials are suitable for
forming the implantable body of the invention. In partic-
ular, expanded polytetrafluoroethylene (PTFE) has
been found to be well suited for the present invention.
When using PTFE for this purpose, as described in
greater detail herein below, a paste of the material is
extruded in the basic form of the implantable device
which is then expanded at a specified rate to create an
interrelated network of nodes and fibrils.

Brief Description of the Drawings

[0037] The foregoing and other objects of this inven-
tion, the various features thereof, as well as the inven-
tion itself, may be more fully understood from the follow-
ing detailed description, when read together with the ac-
companying drawings, in which:

FIGURE 1A is a schematic perspective view of a
bilumenal vascular prosthesis of the present inven-
tion.

FIGURE 1B is a schematic longitudinal cross-sec-
tional view of the embodiment of FIGURE 1A.

FIGURE 1C, 1D and 1E show schematic cross-sec-
tional views of alternative configurations of the bilu-
menal device of FIGURE 1A.

FIGURE 2 shows a schematic front elevation view
of a die used in the manufacture of the bilumenal
device of FIGURE 1A.

FIGURE 2A and 2B show schematic cross-section-
al views of the die of FIGURE 2 taken along planes
A-A an B-B, respectively.

FIGURE 3 is a schematic side elevation view of a
bilumenal device in which the secondary lumen is
partially co-extensive with the primary lumen.
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FIGURE 3A is a schematic cross-sectional view of
the embodiment of FIGURE 3.

FIGURE 4 is a schematic perspective view of a mul-
tilumenal device of the invention.

FIGURE 5 is a schematic longitudinal cross-sec-
tional view of an embodiment of the invention hav-
ing a preattached mini-pump.

FIGURE 6A is a schematic perspective view of an
alternate multilumenal embodiment of the inven-
tion.

FIGURE 6B is a schematic perspective view of an
alternate configuration of the embodiment of FIG-
URE 6A.

FIGURE 7 is a schematic perspective view of an
alternate configuration of the multilumenal embod-
iment of FIGURE 6A.

[0038] Like reference characters in the respective
FIGURES indicate corresponding parts.

Detailed Description of the Invention

[0039] In its broadest aspect, the invention features a
multi-lumenal prosthetic device for implantation into a
patient. The invention can be utilized, for example, as a
vascular graft providing sustained release of a selected
bioactive agent or diagnostic material directly into a
blood or other fluid flow pathway. The device has at least
two lumena which are separated by a porous, semi-per-
meable wall. In the case of the device being used as a
vascular graft, it is grafted onto a vein or artery in an
individual such that the primary lumen becomes part of
the individual's blood flow pathway. The secondary lu-
men is filled with a material such as, for example, a bi-
oactive or diagnostic agent and the porous wall between
the lumena allows the material disposed in the second-
ary lumen to diffuse into the bloodstream flowing
through the primary lumen. As described in further detail
below, the device allows the release of the material
across the wall or membrane into the bloodflow pathway
in a controlled manner.
[0040] The device comprises a main, or primary lu-
men, which is of a diameter sufficient to allow blood flow
appropriate for the artery or vein to which it is attached
to occur. Thus, the device has the geometric configura-
tion of a tube, open at least at one end, and typically at
both ends. The open end is sutured to an opening in the
patient's arteriovenous pathway, thus becoming an ex-
tension of that pathway.
[0041] The device also contains at least one second-
ary lumen adjacent to the first lumen. At least one of the
secondary lumena contains or is adapted to contain the
selected bioactive or diagnostic materials. These mate-

rials can include, for example, therapeutic or prophylac-
tic agents, such as a drug, protein, enzyme, antibody or
other agent, or cells which produce a drug, protein, en-
zyme, antibody, or other agent. The diagnostic material
can include, for example, a radiolabeled antibody or an-
tigen.
[0042] In one embodiment of the invention, one or
more of the secondary lumena are pre-filled with the bi-
oactive material. For example, the pre-filled secondary
lumen can contain cells which secrete a bioactive agent.
As a variation of this embodiment, another embodiment
may include a pre-filled lumen in conjunction with other
secondary lumena into which drugs or diagnostic mate-
rials are introduced after implantation.
[0043] Specific embodiments of the device are illus-
trated by the Figures. FIGURE 1A shows a bilumenal
tubular structure 10 having a first lumen 12 and a sec-
ondary lumen 12'. The first lumen 12 has a structure suf-
ficient for blood flow therethrough. For a vascular graft,
the diameter of this lumen 12 is generally the same or
similar in size to the host artery or vein to which it is
grafted. As mentioned, however, the structure 10 can
be formed to accommodate other types of fluid flow.
[0044] As shown in FIGURE 1B, the secondary lumen
12' is adjacent the first lumen 12, and is separated by a
semi-permeable, micro-porous, wall 14. The wall 14 has
a permeability sufficient to allow diffusion of the bioac-
tive agents or diagnostic material of choice from the sec-
ondary lumen 12' into the fluid flow pathway defined by
the first lumen 12. In a multi-lumen arrangement, i.e., a
device having more than two lumena, the adjoining wall
14 lies in communication between each of the second-
ary lumena and the primary lumen. Alternatively, there
can be a semi-permeable wall between each secondary
lumen 12' and the first lumen 12, with an impermeable
wall among the secondary lumena.
[0045] The thickness and permeability of the wall 14
can be adapted to accommodate different drugs, bioac-
tive or bioinert agents, and the like, and to control the
rate at which the material disposed in the secondary lu-
mena 12' diffuses across the wall 14. Control over the
release of the drug or agent can be obtained by choos-
ing appropriate molecular weights, degrees of crystal-
linity and/or expansion parameters in the polymer matrix
forming the structure 10. The wall 14 can be manufac-
tured having a predetermined permeability factor, and
the concentration of materials to be transported across
the membrane can be selected accordingly.
[0046] The opportunity to control the permeability of
the wall 14 is afforded during the extrusion and expan-
sion process as discussed in greater detail below. By
controlling the intermodal distance of the polymeric ma-
trix and properly selecting the specific resin composition
and expansion conditions, the porosity of the wall 14 can
be determined.
[0047] The outer diameter (OD) of the external wall of
the structure 10 is generally in the range of from about
3 mm to about 30 mm. The internal diameter (ID) of the
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primary lumen is generally from about lmm to about 28
mm depending upon the type of blood flow through the
prosthesis. The OD and ID vary according to the type of
pathway for which the prosthesis is used. For example,
arterial prostheses will generally have OD of from about
6 mm to about 18 mm, whereas venous prostheses will
generally have an OD of from about 12 mm to about 24
mm. The ID of the secondary lumena 12' is generally
from about .1 mm to about 6 mm, depending upon the
OD.
[0048] As shown in FIGURES 1C, 1D, and 1E, the
cross-sectional configuration of the lumena designed in
accordance with the invention can vary in size and
shape depending upon the specific application. In FIG-
URE 1C, the secondary lumen 12' extends over approx-
imately one-third of the circumference of the lumen 12.
FIGURE 1D shows a diminished relative size of the sec-
ondary lumen 12' with respect to the first lumen 12, and
FIGURE 1E shows a first lumen 12 having an adjacent
secondary lumen 12' of dimensions sufficient only to
transport substances of a few microns in size. The rel-
ative size of the secondary lumen 12' depends on the
type of substance to be transported through secondary
lumen 12', and the desired rate of diffusion across wall
14. The permeability of wall 14 may be a factor in deter-
mining the appropriate size of secondary lumen 12'.
[0049] The invention may be used in a method for de-
livering a bioactive agent or diagnostic material directly
to a patient's body fluid, bloodstream or otherwise, in a
controlled manner. In such a method, a surgeon or other
qualified person, surgically exposes the desired region
of the patient for introduction of the prosthetic device 10.
The desired site may, for example, be an area of occlu-
sion or weakness in the patient's arteriovascular sys-
tem. In such a case, during interruption of the patient's
blood flow the prosthesis 10 is surgically implanted and
sutured or otherwise secured in place. Proper position-
ing of the prosthesis 10 requires alignment of the prima-
ry lumen 12 with the blood flow pathway such that the
blood flow is diverted through the primary lumen 12. The
secondary lumen 12' either contains or is filled with a
drug or agent of choice. The drug or agent perfuses
across the interlumenal wall 14 into the bloodstream at
a controlled and substantially continuous rate. In this
manner, the use of the present invention can provide
continuous administration of the drug over a prolonged
period of time similarly to controlled release systems
which deliver a drug at a predetermined rate over a def-
inite period of time.
[0050] In an example of use of the present invention,
an antibody which is specific to a protein indicative of
the presence of malignancy is introduced into the vas-
cular system of a patient utilizing the present device and
method. The device 10 is surgically implanted in a pa-
tient's vascular system and blood flow is established
through the primary lumen 12. The antibody is added to
the secondary lumen 12' either before implantation by
pre-filling the lumen or after implantation by injecting the

antibody composition into the secondary lumen. The an-
tibody is labelled, for example, with a remotely detecta-
ble radioisotope such as 125I. The labelled antibody
moves across the porous wall 14 between the primary
lumen 12 and the secondary lumena 12' into the pa-
tient's blood flow pathway, which flows through the pri-
mary lumen 12. Once in the pathway, the labelled anti-
bodies travel to the site of the malignancy and bind at
the appropriate protein binding sites. The concentration
of the radioisotope at the target site can then be detect-
ed using an appropriate detection device, e.g., a gamma
camera. Additional doses of the antibody composition
can be injected into the secondary lumen 12' through a
cannula, or through a pre-attached catheter which com-
municates with the secondary lumen 12', without direct-
ly invading the patient's bloodstream.
[0051] In another exemplary use of the present inven-
tion, combinations of anti-coagulant platelets and plas-
minogen activators, such as heparin, hirudin and tPA
can be injected into the secondary lumen 12' to be re-
leased at a controlled, continuous, rate into the blood-
stream. Continuous release of a solution containing ei-
ther heparin, tPA, or combinations of the two into a vas-
cular graft area has been shown to be effective in re-
ducing occlusion from intimal hyperplasia, while not re-
sulting in whole body systemic anti-coagulation. Clifton
et al., Heart & Lung, 199(1): 115-118 (March, 1991).
[0052] In another example of use of the invention, the
prosthesis 10 can be used for distribution of chemother-
apy agents which are often very toxic and often cause
arterial and venous blood vessel destruction at the nee-
dle catheter entry site. A major complication of such
chemotherapy is the constant risk of permanent, signif-
icant delivery site complications such as infection or oc-
clusion due to thrombus formation at the vessel wall in-
jury. The high concentration of such toxic agents very
often has a deleterious effect on the blood vessel, fur-
ther complicating the healing required for the needle
tract or catheter injury incurred at the site of drug infu-
sion.
[0053] The device 10 eliminates such needle and
catheter injury to the blood vessel and large bolus chem-
ical exposure to the native vessel with these highly toxic
chemotherapy agents. Moreover, the device 10 can be
replaced if long term therapy causes eventual failure or
thrombus occlusion. A vein or artery permanently de-
stroyed by chronic therapy, on the other hand, is irre-
placeable. Similar problems and corresponding solu-
tions also exist for hemodialysis patients whose native
veins are consumed by repetitive needle penetration
and permanent blood vessel wall injury.
[0054] The secondary lumen forming a chamber or
reservoir for a drug or other bioactive substance need
not be fluid-filled, but may be filled with a solid or powder,
which,upon perfusive exposure to surrounding fluids,
releases its active agent into the fluids. In one aspect of
the invention, a substance is incorporated in a binder
that is drawn or extruded to form a wire or rod of active
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materials, which is then cut to length and threaded into
the secondary lumen. Perfusion rate and dose are care-
fully controlled by selection of a binder material having
the desired in vivo solubility and of a wire gauge, select-
ed to determine a desired total amount of exposed sur-
face area. In addition, the solid wire or rod is cut to
length, to determine the total dose. The provision of
medications in a leachable or resorbable wire body in
this manner is thus seen to offer great simplifications
over the prior art techniques of medication or coating a
prostheses, which generally involved lengthy steps of
soaking and conditioning the graft material.
[0055] A method of using this sevice includes provid-
ing a vessel or organ graft prosthesis surgically implant-
ed and spliced into a vessel or organ, the graft prosthe-
sis having one or more included chambers in the form
of lumena extending along the graft, and providing one
or more string, rod or wire shaped solid pieces of a treat-
ment material in one or more of the lumena to locally
perfuse the material into the graft over an extended time.
[0056] The tube structures of the invention can be
manufactured from any suitable biocompatible material
that can be arranged to form a microporous structure.
Polymeric materials which are useful for this purpose
include, for example, either expanded or unexpanded
polytetrafluoroethylene (PTFE), Dacron® brand polyes-
ter, and other synthetic polyester fibers such as mandrel
spun polyurethane and silicone elastomeric fibers. Also,
copolymeric materials such as described in U.S. Patent
Nos. 4,187,390 and 4,973,609 can be utilized. These
are materials made up of more than one type of mono-
mer and have advantages as described in the cited pat-
ents, in some applications. The structures can also be
formed by extrusion, form molding, or weaving using
techniques well known in the art.
[0057] In a preferred embodiment, the inventive pros-
thesis is manufactured by paste forming and rapidly
stretching and/or expanding highly crystalline, unsin-
tered, polytetrafluoroethylene. Paste forming by extru-
sion of PTFE is well-known in the art. Generally, the
steps in paste-forming include mixing the resin with a
lubricant, such as odorless mineral spirits, and then
forming the resin by extrusion into shaped articles. The
lubricant is removed from the extruded article by drying,
following which the article is sintered by its being heated
above its crystalline melting point of approximately
327°C. The sintered, unexpanded, article is a relatively
impermeable product. To achieve a greater degree of
permeability in the finished product, however, the pros-
theses of the invention can be formed from an unsin-
tered resin.
[0058] Paste-formed, dried, unsintered, shapes can
be further treated by expanding and/or stretching them
in one or more directions under certain conditions so
that they become porous yet retain their strength. Such
stretching and expansion with increased strength oc-
curs with certain preferred tetrafluoroethylene resins, e.
g., PTFE. The porosity of the material is affected by the

temperature and rate at which it is stretched and ex-
panded. A method for manufacturing porous PTFE tub-
ing appropriate for use in the present invention is de-
scribed in detail, for example, in U.S. patent 3,953,566,
and U.S. patent 4,973,609.
[0059] Stretched and expanded PTFE is character-
ized by a microstructure of nodes interconnected by
small fibrils. The space between the nodes and the
number of fibrils is controlled by changes in the temper-
ature and rate of stretching and expansion of the PTFE,
to produce tubing having predetermined porosity and
flex qualities. For example, products which are
stretched and expanded at high temperatures and high
rates have a more homogeneous structure, i.e., they
have smaller, more closely spaced nodes, which nodes
are interconnected with a greater number of fibrils.
While the resulting structure is stronger than products
stretched and expanded at lower temperatures and
rates, the porosity is also reduced. Thus, by controlling
these two factors, it is possible to construct a series of
tube structures having a range of porosity within a de-
sirable range of strength.
[0060] Tube structures manufactured as described
above begin to lose their crystallites and the crystallinity
decreases above this temperature. This is accompanied
by a concomitant increase in the amorphous content of
the polymer. Amorphous regions within the crystalline
structure greatly inhibit slippage along the crystalline ax-
is of the crystallite and lock fibrils and crystallites so that
they resist slippage under stress. Heat treatment may
be considered to be, therefore, an amorphous locking
process, which results in an increase in the amorphous
content and of the strength of the treated structure. Heat
treatment above 327°C has been found to cause a two-
fold increase in the strength of PTFE is approximately
345°C, heat treatment is even more effective. Similar
results can be achieved at lower temperatures if expose
time is accordingly increased. The optimum heat treat-
ing temperature is generally in the range of from about
350°C to about 370°C, with heating periods in the range
of from about five seconds to about one hour. Other fac-
tors upon which the strength the polymer matrix is de-
pendent upon include the strength of the extruded ma-
terial before expansion, the degree of crystallinity of the
polymer, the rate and temperature at which the expan-
sion is performed, and amorphous locking.
[0061] The tube structures of the invention can be
formed using other paste-forming operations known to
those skilled in the art, for example, any of the available
molding processes. Resins other than PTFE may also
be used which are generally formable into such tube
structures, and which may result in relatively fluid imper-
meable structures.
[0062] The prosthesis 10 can be coated on both the
interior lumenal and/or the exterior surfaces with a bio-
compatible material to render it more hydrophilic or hy-
drophobic, or to allow specific protein binding or attach-
ment after implantation. Coating materials which are
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useful for this purpose include, for example, various
glycoproteins, albumin or polymeric coatings often used
for plasma polymerization, and solvable polymeric coat-
ings such as EVA and PVA Due to the physiological
properties of both the arterial and venous system, how-
ever, it is important for the prostheses 10 to be gas per-
meable, or selectively gas permeable, to permit oxygen-
carbon dioxide exchange. However, even gas imperme-
able tube structures may be useful as vascular grafts in
certain anatomical applications.
[0063] As stated, in the preferred embodiment, the
prostheses of the present invention are formed by ex-
trusion of PTFE which is performed using dies of prede-
termined shape of the type known in the art. FIGURES
1C through 1E, for example, show cross-sectional views
of prostheses of the invention made using different ex-
emplary dies. In particular, FIGURE 2 schematically
shows an exemplary die 50, corresponding to the illus-
trated prosthesis of FIGURE 1A. The dies are manufac-
tured from materials and according to methods which
are well known in the art.
[0064] Generally, and as is illustrated in FIGURE 2,
the die 50 consists of a peripheral support structure 56
encasing a first solid die-piece 52 for forming a first lu-
men, and a second solid die-piece 54 proximal to the
first die-piece 52 for forming a secondary lumen. The
specific spacing of the first die-piece 52 from the second
die-piece 54 depends on the specific desired prosthesis
configuration. As best shown in cross-section in FIG-
URE 2A, the die 50 may include an external port 60 for
introduction of PTFE paste or the like for extrusion. FIG-
URE 2B shows in cross-section the exemplary die 50 of
FIGURE 2, showing aperture 58 for forming membrane
(14 of FIGURE 1) of the invention.
[0065] After the PTFE resin is formed, such as by ex-
trusion as discussed above, it is stretched and/or ex-
panded and then sintered while being held in the
stretched and/or expanded state. Stretching refers to
elongation of formed resin while expansion refers to en-
largement of the formed resin perpendicularly to its lon-
gitudinal axis. The rate of stretching and the stretch ratio
affect the porosity of the finished product in a predictable
manner allowing a prosthetic device to be produced
having a specified porosity. The rate of stretching refers
to the percentage of elongation per second that the resin
is stretched while the stretch ratio refers to the relation-
ship between the final length of the stretched resin and
the initial length of the stretched resin. For example,
stretching an extruded PTFE tube at a stretch ratio of
two to one and a stretch rate of sixty results in a porosity
of approximately forty. This porosity is unitless and is
determined as set forth on page eighty-four of the Amer-
ican Society For Testing of Materials' Special Technical
Publication Number 898. So, for example, based on
stretch ratios ranging from two to one, to six to one, a
stretch rate of sixty percent per second yields a porosity
of between approximately forty and approximately nine-
ty, a stretch rate of one hundred and forty percent per

second yields a porosity of between approximately sixty
and approximately eighty-five, and a stretch rate of nine
hundred percent per second yields a porosity of be-
tween approximately sixty-five and approximately
eighty-five.
[0066] In addition to the porosity, the geometry of the
node and fibril network of PTFE can be controlled during
stretching and expansion. In the case of uniaxial stretch-
ing, that is, elongation of the formed PTFE resin along
the direction of extrusion, the nodes are elongated caus-
ing the longer axis of each node to be oriented perpen-
dicularly to the direction of stretch. Accordingly, the fi-
brils are oriented parallel to the direction of stretch. Bi-
axial stretching, additionally includes expanding the PT-
FE resin in the radial direction and can be utilized to pro-
duce a prosthetic device having a composite porosity.
As in uniaxial stretching, the rate and ratio of radial ex-
pansion affects the resulting porosity of the prosthetic
device.
[0067] In one embodiment, the apparatus of the
present invention includes co-extruded plural lumena,
the secondary lumena 12' of which extend substantially
along the entire length of the first lumen 12. In another
embodiment of the invention, however, as illustrated in
FIGURE 3, the secondary lumen 12' extends along only
a portion of the first lumen 12.
[0068] The illustrated prosthesis 10' of FIGURE 3 is
structurally similar to the prostheses 10 described
above. As shown in cross-section FIGURE 3A, the por-
tion of the prosthesis 10' which includes a secondary
lumen comprises a microporous, semi-permeable, wall
14 separating the secondary lumen 12' with the first lu-
men 12. However, in this illustrated embodiment, the
secondary lumen only extends along a predetermined
portion of the prosthesis 10'.
[0069] The embodiment shown in FIGURE 3 may be
manufactured in a manner similar to that described
above. The extrusion die for forming the partially-ex-
tending lumen may be modified in a manner known to
those skilled in the art. For example, the die used in the
extrusion of this embodiment of the invention may in-
clude a gate-type device which enables selective open-
ing and closing of an aperture to coextrude a secondary
lumen.
[0070] An alternative embodiment of the prosthesis of
the present invention is illustrated in FIGURE 4. In the
illustrated prosthesis 10', the first lumen 12 is essentially
round, with the secondary lumen 12' forming a polygonal
configuration around the first lumen 12. While this illus-
trated embodiment shows three secondary lumen 12',
other forms of the invention may include fewer or more
secondary lumena. In addition, the apparatus of the in-
vention may have various overall geometric configura-
tions, depending upon the anatomical destination of the
prosthesis 10'.
[0071] An important aspect of the invention is the in-
troduction of a bioactive agent, pharmaceutical, chem-
otherapy agent or diagnostic material into a secondary
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lumen for perfusion into the blood flow pathway of the
patient as it is channeled through the first lumen of the
prosthesis. This introduction of material may occur by
including a mini-pump attached to the secondary lumen
of the prosthesis, for example, by a catheter.
[0072] As shown in FIGURE 5, a mini-pump 20 may
be placed in communication with at least one of the sec-
ondary lumen 12' for perfusion of a drug into the sec-
ondary lumen 12'. The mini-pump 20 can be used to de-
liver a predetermined amount of a drug at a preselected
rate to the secondary lumen 12. Thereafter, the drug
perfuses across the microporous, semi-permeable, wall
14 and into the bloodflow pathway of the first lumen 12.
Mini-pumps which may be used with the prosthesis of
the invention are commercially available. Some exam-
ples are Alza Pump, Thermedics' Infusaid Pump,
Medtronic's Infusable Pump, and INFU·DISKS™ (Elec-
trochemical Drug Delivery, Inc. San Diego, California)
designed for subcutaneous delivery of drugs or diagnos-
tic agents. The mini-pump 20 may be located externally
to the patient, or may be surgically subcutaneously im-
planted.
[0073] As shown in FIGURE 5, the mini-pump 20 con-
tains a drug reservoir 26 from which a connector tube
24 extends. The connector tube 24 may either be inte-
gral with the reservoir 26, or mechanically, detachably
connected to the reservoir 26. The connector tube 24
extends from the reservoir 26 to a secondary lumen 12'
of a prosthesis 10. The connector tube 24 may connect
to the secondary lumen 12' by means of a mechanical
attachment device 22, as illustrated, or may be formed
integral with the secondary lumen 12'. Mechanical at-
tachment devices are well known in the art, and include
luer-locks. It is generally preferable that the mechanical
attachment device is such that the mini-pump may read-
ily be replaceable, thus attachment devices which do not
require the application of pressure are preferable over
pressure-lock devices.
[0074] Similarly, a mechanical pump, infusion system,
or other drug delivery system located outside the host
body may be attached for the delivery of a drug or other
bioactive material into a secondary lumen. The drug de-
livery source may either be integral with the secondary
lumen, or may be mechanically, releasably attached.
[0075] Alternate embodiments of the present inven-
tion are shown in FIGURES 6A and 6B. In those em-
bodiments, the secondary lumena 12' form a raised plat-
form 30 to facilitate subcutaneous needle access. Res-
ervoirs 32 extend from the secondary lumena 12' along
the sides of the first lumen 12 to provide a greater sur-
face area for diffusion of the drug across the micropo-
rous, semi-permeable, wall 14. As shown in FIGURE
6B, needle access ports 34 may be separated for extra-
cutaneous identification of the individual secondary lu-
mena. In this manner, separate drugs may be delivered
to separate secondary lumena.
[0076] Another embodiment of the prosthesis of the
present invention is shown in FIGURE 7, wherein nee-

dle access ports 34 are located in a single raised plat-
form 30. In this illustrated embodiment, the secondary
lumena 12' do not include reservoirs that extend along
the sides of the first lumen 12. The secondary lumena
of the illustrated embodiment extend either partially or
fully along the length of the first lumen.
[0077] As noted above, the prosthesis of the invention
can be manufactured from any suitable biocompatible
material, such as PTFE, Dacron®, or other synthetic
polyester, or mandril spun polyurethane or silicone elas-
tomer micro-fibers that can be arranged to form a mi-
croporous structure. Hybrid constructions of these same
materials are suitable as well. Also, copolymeric mate-
rials such as described in U.S. Patent Nos. 4,187,390
and 4,973,609 can be utilized. These are materials
made up of more than one type of monomer and have
advantages, in various applications, described in the In
a preferred embodiment, described in further detail be-
low, the implantable device is manufactured from
stretched and/or expanded PTFE tubing by rapidly
stretching highly crystalline unsintered polytetra-fluor-
oethylene in one or more planes or axes.
[0078] Stretched and expanded PTFE is character-
ized by a microstructure of large nodes interconnected
by fibrils, with the space between the nodes, internodal
distance, and the number of fibrils controlled by chang-
ing the temperature and rate of expansion of the PTFE
to produce structures having predetermined porosity
and flex qualities. Internodal distances of from smaller
than approximately 0.5 microns to as large as approxi-
mately 60 microns are suitable for use with the present
invention.
[0079] Products which are expanded at high temper-
atures and high rates have a more homogeneous struc-
ture, i.e., they have smaller, more closely spaced nodes,
which nodes are interconnected with a greater number
of fibrils. While the resulting structure is stronger than
products expanded at lower temperatures and rates, the
porosity is also reduced. Thus, by controlling the two
factors, it is possible to construct a series of tube struc-
tures having a range of porosity within a desirable range
of strength.
[0080] It has been noted that when tube structures,
manufactured as described above, are heated to above
the lowest crystalline melting point of the PTFE, disorder
begins to occur in the geometric order of the crystallites
and the crystallinity decreases. This is accompanied by
a concomitant increase in the amorphous content of the
polymer. So formed amorphous regions within the crys-
talline structure greatly inhibit slippage along the crys-
talline axis of the crystallite and lock fibrils an crystallites
so that they resist slippage under stress. Heat treatment
may be considered to be, therefore, an amorphous lock-
ing process, the important aspect of which is an increase
in the amorphous content of the treated structure. In
fact, heat treatment above 327°C has been found to
cause a two-fold increase in the strength of PTFE tubu-
lar structures.
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[0081] The extrusion can be performed using dies of
predetermined shape using principles known in the art.
FIGURES 2 , and 2A and 2B show three orthogonal
cross-sectional views of an exemplary die which can be
used in the manufacture of a device of the present in-
vention.
[0082] It should be understood that while several em-
bodiments of the invention have been described in de-
tail, the invention may be embodied in other specific
forms without departing from the essential characteris-
tics thereof. The present embodiments are therefore to
be considered in all respects as illustrative and not re-
strictive, the scope of the invention being indicated by
the appended claims rather than by the foregoing de-
scription.

Claims

1. An implantable prosthetic device for sustained re-
lease of bioactive material into a fluid flow pathway
of a patient comprising

a tubular body adapted for attachment to said
fluid flow pathway having at least two interior
lumina formed therein, namely a primary lumen
(12) for accommodating fluid flow of said path-
way therethrough, and a secondary lumen (12')
extending adjacent said primary lumen (12), at
least a portion of said secondary lumen (12')
being separated from said primary lumen (12)
by a membrane portion which is permeable to
permit a bioactive material disposed in said
secondary lumen (12') to permeate from said
secondary lumen (12') through said membrane
portion and into said primary lumen (12); char-
acterized in that:

the body is extruded as a single tube with
continuous wall defining both lumina, the
secondary lumen being a space having an
internal cross-dimension of at least 0.1mm.

2. The device according to claim 1, wherein said bio-
active material is disposed in said secondary lumen
(12') and is one of a therapeutic agent and a diag-
nostic agent.

3. The device as set forth in claim 1, wherein a said
bioactive material is disposed in said secondary lu-
men and is a leachable strand of solid material.

4. The device of claim 1, further comprising a delivery
means (20) for delivering said bioactive material
from an external source into said secondary lumen
(12').

5. The device of claim 4, wherein said delivery means

comprises a mechanical or biologically activated
pump (20).

6. The device of claim 1, wherein said secondary lu-
men (12') is filled with said bioactive material prior
to implantation.

7. The device of claim 1 consisting substantially of a
copolymeric material.

8. The device as claimed in claim 1 in which said body
is formed from PTFE.

9. The device as claimed in claim 8 in which said body
has been stretched to produce the body having pre-
determined porosity and flex quantities.

10. A method of making an implantable prosthetic de-
vice for sustained release of a bioactive material in-
to a fluid flow pathway of a patient, said method
comprising the steps of:

providing a die for a body adapted for attach-
ment to said fluid flow pathway, said die includ-
ing

(a) a peripheral support structure having an
aperture for forming said body as a cross-
sectionally continuous wall, said continu-
ous wall defining at least two interior lumi-
na, namely a primary lumen and a second-
ary lumen,
(b) a first solid die-piece located in said ap-
erture for forming the primary lumen (12)
to accommodate fluid flow pathway there-
through, and
(c) a second solid die-piece located adja-
cent and parallel to said first solid die-piece
in said aperture to form the secondary lu-
men (12'), said second solid die-piece hav-
ing an internal cross-dimension of at least
0.1mm; and

extruding said body along an extraction axis of
the die, at least a portion of said secondary lu-
men (12') being separated from said primary lu-
men (12) by a membrane portion of said con-
tinuous wall (14) which is permeable to permit
a material disposed in said secondary lumen
(12') to permeate from said secondary lumen
(12') through said membrane common portion
and into said primary lumen (12).

11. The method of claim 10 in which the body is formed
from PTFE.

12. The method of claim 11 including the step of stretch-
ing said single extruded body (10) to impart porosity
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throughout said body whereby the primary and sec-
ondary lumina form parallel chambers with control-
led permeable communication therebetween within
said body.

Patentansprüche

1. Implantierbare prosthetische Vorrichtung zur verzö-
gerten Freisetzung von biologisch aktivem Material
in einen Fluid-Strömungsweg eines Patienten, um-
fassend:

einen zum Anbringen an diesen Fluid-Strö-
mungsweg ausgelegten rohrförmigen Körper
mit mindestens zwei darin ausgebildeten inne-
ren Lumina, nämlich einem ersten Lumen (12)
zur Aufnahme des Fluidstroms des hindurch-
gehenden Weges und einem zweiten Lumen
(12'), das dem erstem Lumen (12) benachbart
verläuft, wobei mindestens ein Teil des zweiten
Lumens (12') von dem ersten Lumen (12) durch
einen Membranteil getrennt ist, der durchlässig
ist, damit es für biologisch wirksames, in dem
zweiten Lumen (12') gelagertes Material mög-
lich ist, von dem zweiten Lumen (12') durch den
Membranteil in das erste Lumen (12) einzudrin-
gen;

dadurch gekennzeichnet, daß
der Körper als Einzelrohr mit kontinuierlicher Wand,
die beide Lumina definiert, extrudiert ist, wobei das
zweite Lumen ein Raum mit einer inneren Querab-
messung von mindestens 0,1 mm ist.

2. Vorrichtung nach Anspruch 1, wobei das biologisch
aktive Material in dem zweiten Lumen (12') gelagert
und eines von einem therapeutischen Mittel und ei-
nem diagnostischen Mittel ist.

3. Vorrichtung nach Anspruch 1, wobei das biologisch
aktive Material in dem zweiten Lumen enthalten
und ein auslaugbarer Strang von festem Material
ist.

4. Vorrichtung nach Anspruch 1, die außerdem ein Ab-
gabemittel (20) zur Abgabe des biologisch aktiven
Materials aus einer äußeren Quelle in das zweite
Lumen (12') umfaßt.

5. Vorrichtung nach Anspruch 4, wobei das Abgabe-
mittel eine mechanische oder biologisch aktivierte
Pumpe (20) umfaßt.

6. Vorrichtung nach Anspruch 1, wobei das zweite Lu-
men (12') vor der Implantation mit dem biologisch
aktiven Material befüllt wird.

7. Vorrichtung nach Anspruch 1 bestehend im wesent-
lichen aus einem copolymeren Material.

8. Vorrichtung nach Anspruch 1, wobei der Körper aus
PTFE gebildet ist.

9. Vorrichtung nach Anspruch 8, wobei der Körper un-
ter Erzeugung des Körpers mit festgelegten Poro-
sitäts- und Biegungseigenschaften gestreckt wor-
den ist.

10. Verfahren zur Herstellung einer implantierbaren
prosthetischen Vorrichtung zur verzögerten Abga-
be eines biologisch aktiven Materials in einen Fluid-
Strömungsweg eines Patienten, wobei das Verfah-
ren die Schritte umfaßt:

Bereitstellen einer Hohlform für einen Körper,
die zur Anbringung an den Fluid-Strömungs-
weg ausgelegt ist, wobei die Hohlform umfaßt:

a) eine periphere Trägerstruktur mit einer
Öffnung zur Bildung des Körpers als eine
im Querschnitt kontinuierliche Wand, wo-
bei die kontinuierliche Wand mindestens
zwei innere Lumina, nämlich ein erstes und
ein zweites Lumen, definiert,
b) ein erstes festes Hohlform-Element, das
zur Bildung des ersten Lumens (12) zur
Aufnahme des hindurchgehenden Fluid-
Strömungswegs in der Öffnung angeord-
net ist, und
c) ein zweites festes Hohlform-Element,
das benachbart und parallel zu dem ersten
festen Hohlform-Element in der Öffnung
unter Bildung des zweiten Lumens (12')
angeordnet ist, wobei das zweite feste
Hohlform-Element eine innere Querab-
messung von mindestens 0,1 mm auf-
weist; und

Extrudieren des Körpers entlang einer Extrak-
tionsachse der Hohlform, wobei mindestens
ein Teil des zweiten Lumens (12') von dem er-
sten Lumen (12) durch einen Membranteil der
kontinuierlichen Wand (14) getrennt ist, die
durchlässig ist, um ein in dem zweiten Lumen
(12') enthaltenes Material von dem zweiten Lu-
men (12') durch den gemeinsamen Membran-
teil und in das erste Lumen (12) eindringen zu
lassen.

11. Verfahren nach Anspruch 10, wobei der Körper aus
PTFE gebildet ist.

12. Verfahren nach Anspruch 11, das den Schritt des
Streckens des einzelnen extrudierten Körpers (10)
zur Vermittlung von Porosität auf den gesamten
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Körper umfaßt, wobei das erste und zweite Lumen
im Körper parallele Kammern mit gesteuerter
durchlässiger Kommunikation zwischen ihnen bil-
den.

Revendications

1. Dispositif prothétique implantable pour la libération
prolongée de matériau bioactif dans une voie
d'écoulement de fluide d'un patient comprenant :

un corps tubulaire adapté pour être fixé à ladite
voie d'écoulement de fluide ayant au moins
deux lumières internes ci-dedans, plus précisé-
ment, une lumière primaire (12) pour permettre
l'écoulement de fluide de ladite voie à travers
celle-ci, et une lumière primaire (12') s'étendant
de manière adjacente à ladite lumière principa-
le (12), au moins une partie de ladite lumière
secondaire (12') étant séparée de ladite lumiè-
re primaire (12) par une partie de membrane
qui est perméable pour permettre à un matériau
bioactif placé dans ladite lumière secondaire
(12') de s'infiltrer à partir de ladite lumière se-
condaire (12') à travers ladite partie de mem-
brane et dans ladite lumière primaire (12) ; ca-
ractérisé en ce que :

le corps est extrudé sous la forme d'un tube
simple avec des parois continues définis-
sant les deux lumières, la lumière secon-
daire étant un espace ayant une dimension
transversale interne d'au moins 0,1 mm.

2. Dispositif selon la revendication 1, dans lequel ledit
matériau bioactif est disposé dans ladite seconde
lumière (12') et est l'un ou l'autre d'un agent théra-
peutique et d'un agent de diagnostic.

3. Dispositif tel qu'exposé dans la revendication 1,
dans lequel un dit matériau bioactif est disposé
dans ladite lumière secondaire et est un fil lixiviable
de matériau solide.

4. Dispositif selon la revendication 1, comprenant en
outre des moyens de délivrance (20) pour la déli-
vrance dudit matériau bioactif à partir d'une source
externe dans ladite seconde lumière (12').

5. Dispositifs selon la revendication 4, dans lequel les-
dits moyens de délivrance comprennent en outre
une pompe mécanique ou une pompe activée d'une
manière biologique.

6. Dispositif selon la revendication 1, dans lequel la-
dite lumière secondaire (12') est remplie dudit ma-
tériau bioactif avant l'implantation.

7. Dispositif selon la revendication 1 substantielle-
ment formé d'un matériau copolymérique.

8. Dispositif tel que revendiqué dans la revendication
1 dans lequel ledit corps est formé à partir de PTFE.

9. Dispositif tel que revendiqué dans la revendication
8 dans lequel ledit corps a été étiré pour produire
le corps ayant des quantités de flexibilité et de po-
rosité prédéterminées.

10. Procédé de fabrication d'un dispositif prothétique
implantable pour la libération prolongée d'un maté-
riau bioactif dans une voie d'écoulement de fluide
d'un patient, ledit procédé comprenant les étapes
consistant à :

fournir un modèle pour un corps adapté pour
être fixé à ladite voie d'écoulement de fluide,
ledit modèle comprenant

(a) une structure de support périphérique
ayant une ouverture pour former ledit corps
sous la forme d'une paroi continue de ma-
nière transversale, ladite paroi continue
définissant au moins deux lumières inter-
nes, plus précisément une lumière primai-
re et une lumière secondaire,
(b) une première pièce modèle solide si-
tuée dans ladite ouverture pour former la
lumière primaire (12) pour loger la voie
d'écoulement de fluide à travers celle-ci, et
(c) une seconde pièce modèle solide si-
tuée de manière adjacente et parallèle à la-
dite première pièce modèle solide dans la-
dite ouverture pour former ladite lumière
secondaire (12'), ladite seconde pièce mo-
dèle solide ayant une dimension transver-
sale interne d'au moins 0,1 mm ; et

extruder ledit corps le long d'un axe d'extraction
du modèle, au moins une portion de ladite lu-
mière secondaire (12') étant séparée de ladite
lumière primaire (12) par une partie de mem-
brane de ladite paroi continue (14) qui est per-
méable pour permettre à un matériau disposé
dans ladite lumière secondaire (12') de s'infil-
trer depuis ladite lumière secondaire (12') à tra-
vers ladite partie commune de membrane et
dans ladite lumière primaire (12).

11. Procédé selon la revendication 10 dans lequel le
corps est formé de PTFE.

12. Procédé selon la revendication 11 comprenant
l'étape consistant à étirer ledit corps simple extrudé
(10) pour impartir la porosité audit corps par lequel
la lumière primaire et la lumière secondaire forment
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des chambres parallèles avec une communication
perméable contrôlée entre ceci à l'intérieur dudits
corps.
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